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LONG-TERM G OALS

The long-term goal of this research is tvelop and test predise models for nearshore and coastal
processes. Initialayelopment and testing of models is to be accomplished through monitegng
broad range of spatial and temporal scales. Modetldpment is to be accomplished within the
framework of the nearshore as a hierarchical canglystem, wherein, at discretely ordered space and
time scales, a small number wdriables emge as the dominant influences on the dynamics of this
nonlinea, open system and the interactions between these donviadables gve rise to compx,
emegent behvior.

OBJECTIVES

The specific objeotes of this research project are (i) to identify the domimariables and processes
operaive in the nearshore and in its connection to processes on the continental shelf; (ii) to formulate
and avelop predidtve, hierarchical compkx systems models for nearshore processes and features,
including sand bars, egaripples, breaking aves, infragavity wave generation, surf zone currents, and
swash zone dlv and morphology; (iii) to monitor (on time scales ranging from seconds to years and
spatial scales ranging from meters to kilometers) nearshore &store bathymetry and
hydrodynamics and to determine the coupling between thejrtp(relate commk systems models to
measurements acquired through remote sensing; (v) to propose and desifjalch experiments
capable of refuting comet systems and competing models.

APPROACH

Computer simulations, theory and field olvsdion, experimentation and monitoring are combined to
formulate, @velop, test and refine models for nearshore hydrodynamics and bathymetry and their
coupling to processes on the continental shelf.

Nearshore processes are nonlinear and disggpgor systems with these characteristics, the traditional
ReductionisApproach (fundamental physics/equations) fails because of a lack of defensible criteria for
selecting dominant dynamicariables; and Unersalist approaches (simple mechanisms that apply
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across ca&gories of systems or wersality classes) fail because the simplifying assumptions
underlying Urversalist models necessarily imply an inability to treatweability and compxity
inherent in the naturaheironment éxternal to the system being studied).

In contrast, the modeling and model-testing methodology adopted for this research is in concert with the

nonlinea, open nature of nearshore procesdéss hierarchical modeling approach for nearshore

systems partiallpverlaps with methodologies adopted in physics (e.g., 19gties: Haken, 1983) and

ecology (Hierarch Theory. Ahl and Allen, 1996),but differs from the former imwiding the need to

use systems of equations as a starting point and from the latter in its emphasis ove olajeable

selection via obseation and description. It can be summarized with theviatig four steps:

() delineate the boundaries of the open system;

(ii) identify and temporally order dynamicahriables of the systems awndriables in theexternal
environment &fecting the system dynamics;

(i) for selected évels in this temporal hierarghencapsulate the dynamics of fastariables into a
minimal set of rules that relat@ariables at thisa/el to each other and to teeternal evironment;

(iv) formulate models at these selectagtls and deve testable predictions of the models.

Variable selection in the nearshore dependgela on spatial and temporal localization of features and
dynamics (e.g., the crests of bedforms or sand barnsgannot be predicted from first principles; rathe
obsevations acquired through monitoring on a broad range of spatial and temporal scales are a
necessary step in determining the position of and relationships betrarganles in the hierarghin a
practical sense, a broad range of scales can only bevedhthrough monitoring the nearshore with
remote sensing. Sernisi tests of models rely on the prediction and measurement of transievibheh

which is a fundamental aspect of natural (in contrast to laboratory) systems.

WORK COMPLETED

() a naw remote sensing video technique waselbped to measure the inceptiavplution and
destruction of regaripples and other nearshore bathymetric features; (ii) this technique has been
ground-truthed and continuous monitoring of the surf zone has been implemented at Scripps Beach; (iii)
models for mean spacing and orientation of bedforms based on the dynamics of bedform crest
terminations bve been éveloped and applied to nearshore ripples asglampples; iv) a model for rip
currents based on a dissipatinteraction betweenawes and localizedftshore currents wasedeloped

and subjected to preliminary testing.

RESULTS

In an dfort led by graduate student Linden Clarke gav technique for imaging nearshore morphology
with video has beenadeloped Video frames acquired from a cameramng the surf and swash zones
from a clif are dwnloaded to a workstation, processed toaespixels from breaking aves or foam,
averagedover a period of aseral minutes and false-catenhanced to emphasize bathymetric features.
Depending on conditions and field oewi crests of bedforms includingegaripples, sand bars, rip
channels, and sediment and cobble transport patterns eatrdited. Resolution isegraded by lege
waves, sediment-laden or bio-fouled water and gléngs technique currently is being used to acquire
continuous images of nearshore bathymetric patterns (at 5-10 minwelsjteuring daylight hours on
Scripps Beach.

This technique is one component of aifoe to monitor the connection between sediment and



bathymetry outside the surf zone and bathymetry and bathymetric patterns within the surf zone.
An example of an obliquely-viewed image (averaged over 10 minutes) from Scripps Beach is
given in Figure 1, showing lunate megaripples forming near a prominent beach step, with a set of
obliquely-oriented linear megaripples offshore and to the south (left). This image is converted into
map view and filtered to equalize brightness across the image, in an attempt to better detect
bedforms throughout the surf zone (Figure 2). Measured bathymetric contours from a wading
survey using a water-resistant GPS unit are superimposed.




In an effort led by postgraduate researcher Jeff Babcock, the purchase of an acoustic, swept-source
(CHIRP) seafloor imaging system is planned so that observations of seafloor bathymetry can be
extended offshore of the surf zone, processes associated with the exchange of sediment between
offshore and the nearshore can be investigated, and seafloor tectonic structure along continental margins
can be measured. The advantage of the CHIRP system derives from its bottom penetrating capability
(used to image sub-seafloor structure) in combination with high-resolution side-scan sonar, which
produces detailed images of the seafloor. The shallow water, high-resolution Datasonics SIS-1000
Seafloor Imaging System (or equivalent) will be obtained through a combination of NSF Shipboard
Equipment funds, SIO matching funds and a contribution from the ONR Chair award.

The CHIRP instrument can be used to image seafloor depth and subsurface features in water depths
ranging from a few meters up to nearly a kilometer. The CHIRP system is suitable for work on all
Scripps research vessels and can be towed by smaller boats in shallow water (<2 m).

In the fall of 1997 the Datasonics SIS-1000 system was deployed from the R/V Melville off the coast of
San Onofre to determine its capabilities for this research. A 4x4km sidescan image is shown in Figure 3.
Dark features in the image correspond to outcrops of basement rock. Figure 4 gives a closer view of
striations observed on the sandy bottom in water ~20m deep. Enhanced data acquisition software
provided real-time mosaics of side-scan data, permitting immediate assessment of data quality and
coverage. This system complements bathymetry and bathymetric patterns currently being acquired in
the surf zone by extending measurements to greater water depths. The instrument will permit the
tracking of sand from the surf zone offshore during storms and back into the surf zone during the
summer. Permanent offshore sinks of sand will be quantified.
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Models for the mean orientation, mean spacing and mean density of defects (bedform crest line
terminations) were @eloped based on the folling two hypotheses: (i) bedforms change orientation
when defects pointing in opposite directions along the crest lines migratéfemérdi speeds; (ii)
bedforms change spacing as defects migrate through a field of bedforms: each time a defect passes
through a continuous crest line, a short length of crest line is lost, resultingoireratl increase in
spacing. Bedform orientation is predicted as a function of a sequence of traavsptst for which
sediment transport direction, magnitude and duration are spegifiednodel for bedform orientation
results in predictions consistent with an empirical model (Rubin and HW®&7) if the duration of
transporievents (the periodver which transport iaveraged) is longer than the time required for defects

to migrate the distance between bedfarfierefore, the orientation ofrge bedforms in the surf zone,

such as regaripples, is noéxpected to be sensie to transporbver a vave period (although it could be
sensitve to wave-diven mean transport), and the direction of bedform orientatexpected to povide

a reliable proxy for sediment transport direction under a broad range of conditions where bedform
displacements are significant on tidal time scales and defect density is high. Bedform spacing is
predicted to increase logarithmically with tinteit at a much slver rate undereversing fows than in

steady fbw conditions The model is consistent with obgations of an approximately linear increase of
spacing with vave orbital diameter D when D isv, with a sbwer rate of increase at higher D. In
addition, bedform spacing is semngi to the size of the bedform field, suggesting that laboratory
experiments with small test sections might not reflect natural bedform spacing and dynamics.

In a model of rip currentsedleloped by postgraduate researcher Brad Murrawy @ member of the
faculty at Duke Uiversity), the complicated processes of water transportdgsvand currents and
sediment transport are encapsulated into minimal rulegtpedss the féect of these processes at the
length and time scales of rip curremikey feature of the model is an interaction in which a rip current
decreases the ave height locall, as commonly has been noted from visual olsEmns This
interaction renders an alongshore-uniform set up unstable, leading dw,naufsating rip currents.
Modeled rip current spacing, widtlvelocity and duration dwe been found to depend on basic
characteristics of aves, especially e height and alongshore continuity of crests, and beach slope
(width of surf zone). Model predictions of spatial and tempaaghtion in dfshore currentelocity are
gualitatvely consistent with measurements made on Scripps Beach (Smithrgre, 1£95). In semi-
guantitaive tests of the model, the freqegnduration, spacing and width of rip currents were measured
from videotape acquired by a camereerlooking Torrey Pines Beach. Preliminary comparisons
indicate that the model can reproduce the measurements using realistic model parameters.

IM PACT / APPLIC ATIONS

The development, implementation and testing of hierarchical cexngystems models for nearshore
processes permit an assessment of the hierarchical modeling methodelsgy Reductionist and
Universalist approaches for modeling the nearshore and its connection to protistses and for
modeling other complicated natural systems.
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